The growth, survival, damage and provenance × environment interactions of 30 provenances of Norway spruce (Picea abies L.) from Poland, Slovakia and the Czech Republic, were analyzed at the age of 26 years. Significant effects of altitude and site quality but no geographic trends were dectected in the series of 5 provenance plots. Correlation of growth and survival appeared to be insignificant at individual plots and their series. The highest differentiation among provenances was revealed on the plots at the minimum and maximum altitudes (350 and 950 m). Several Slovak (Western-Carpathian) provenances proved to grow significantly better than the average at nearly all plots, and also exhibited insignificant provenance × site interaction. Indigenous provenances from the southern part of the Western Carpathians showed higher adaptability to sites in lower altitudes with longer vegetation but seasonal water deficiency.
Norway spruce (Picea abies L.) belongs to forest tree species with the largest natural range. It includes the boreal and hemiboreal zone of North-eastern Europe, and also all higher Alpine, Carpathian, Hercynian and Dinaric-Balkan ranges. Relatively many genetic differences are found especially between the Boreal and mountain Central and Southeastern European provenances of Norway spruce (LAGERCRANTZ, RYMAN 1990 ; VAN DE SYPE 2001; SPERISEN et al. 2001) . Morphological and physiological variations are also observed within the mountain spruce populations in the Alpine, Carpathian and Balkan mountains. They include differences in the crown shape and branching, growth dynamics (HOLUBÈÍK 1971; HOLZER, NATHER 1974) as well as clinal variations in the size of cones and shape of cone scales (HOLUBÈÍK 1968) .
It may be a result of adaptation to contrasting sites, and it can also reflect different phylogeny of local populations because SCHMIDT-VOGT (1977) and many other authors assume that, besides Central Russia, Norway spruce occurred also in several smaller and isolated refuge areas southwards the Alps and Carpathians during the last glacial period.
Several international provenance experiments are focused on the genetic aspects of phenotypic variations of Norway spruce. The oldest one IUFRO series 1938 1939 includes 51 provenances planted on 27 plots in 14 countries. In the summary of obtained results, GIER-TYCH (1978, 1984) drew conclusions about high adaptability especially of Romanian, Polish, Ukrainian, Latvian, Lithuanian and Belorussian provenances which perform well on almost all plots of the series. They grow poorly only on plots situated northwards of their place of origin. Most of the other provenances, especially those from Finland and Norway, perform satisfactorily only on plots whose site quality is comparable with their place of origin (GIERTYCH 1984) . The IUFRO experiment 1964/68, which includes 1,100 provenances of Norway spruce planted on 20 plots in 13 countries, provides similar information. In southern Sweden and eastern Norway, Central-European and particularly Western Carpathian provenances belong to the best performing ones. In addition to the growth, they are tolerant to late frosts. Romanian provenances are mentioned among the best ones on the Danish plot where no late frosts occur (DIETRICHSON 1979) . Provenances from North-eastern Poland, Belarus and Baltic states perform well in northern Sweden and Finland. Ukrainian and South-Polish provenances are mentioned among the best ones in Scotland (LINES 1979) . Romanian and Ukrainian provenances grow well also in Austria alike the Western-Carpathian and Bohemian ones (GÜNZL (HOLUBÈÍK 1980b (HOLUBÈÍK , 1984 . These plots were measured at the age of 10 years for the last time (IMIAK 1985) . The joint regression analysis revealed significant provenance × environment interactions there (PAULE 1986) . In compliance with the expectations, provenances from Poland and particularly those from the Western Beskydy Mts. revealed superior vigour and adaptability.
MATERIAL AND METHODS
Five plots with 20 provenances from Poland, 10 from Slovakia and 1 from the Czech Republic were planted in a random block design with 4 blocks, each block with 5 × 5 individuals per provenance at a spacing of 2 × 2 m. The plots were established in a vertical gradient in order to study Norway spruce adaptability to various sites and to make a comparison of Polish and Slovak provenances.
No thinning was applied until the last measurement at the age of 26 years. Out of the total number of provenances, 17 were planted on all 5 plots while the remaining 13 only on 4 provenance plots. One provenance present on 2 plots was omitted from summary evaluation.
Main attention was paid to summary evaluation of the height and diameter growth (volume production) as well as damage and survival of provenances at the age of 26 years. Height growth was considered a primary production parameter with regard to the following considerations:
At the age of 26 years, trees are at the pole stage with still low standing volume; Mean height is the most common parameter in the assessment of yield quality; Diameter, and also the volume, may be influenced by tree density (uneven survival or thinning) and show much higher individual variations than tree heights. A three-factorial ANOVA model was applied to investigate differences between plots, provenances, blocks, and their interactions. Duncans paired multiple-range test was applied to rank provenances according to the height, diameter and volume. Division into the superior, average and inferior ones refers to their classification into statistically homogeneous groups delineated by means of this test. Codes of provenance plots: 1 Biely Váh, 2 Zákamenné, 3 Krá¾ova ho¾a, 4 Stráe pri Zvolene, 5 Slovenská ¼upèa. If a provenance was planted in less than 4 block at a plot, the figure behind slash indicates respective number of blocks where it is present Spearmans rank variation coefficient test was used to assess correlations between survival, damage and the growth parameters.
The provenance × environment interactions were tested by means of the regression analysis of FINLAY and WILKINSON (1963) , which was based on the mean height of each provenance and height bonity at individual plots calculated as a lumped mean of all provenances.
RESULTS
Significant differences between plots were detected in the mean height and diameter. The mean height followed altitudinal gradient with maximum on Stráe plot in the lowest altitude (330 m). Maximum mean diameter was detected on plots Krá¾ova ho¾a and Paráè situated at the lower natural altitudinal limit of Norway spruce in the Western Carpathians (700800 m). Also the highest mean volume was detected on Krá¾ova ho¾a plot. The biggest differentiation among provenances depicted in the variation coefficients of mean height, diameter and volume was observed on the plots in extreme altitudes Stráe 330 m and Biely Váh 950 m. The highest variation in the mean volume was revealed in the most productive plot Krá¾ova ho¾a, however. Special attention has therefore to be paid to the selection of appropriate planting stock of Norway spruce for establishment of stands outside but also inside its natural range. In addition to the effects of plot and provenance, significant heterogeneity was revealed between the blocks on each of the plots. Provenance × block interactions were also significant, too.
HEIGHT, DIAMETER AND VOLUME GROWTH The analysis of variance confirmed statistically significant (P > 99%) differences in the heights and diameters of provenances although the proportion of total variance attributable to this effect is relatively low (1.65 and 2.16%). As expected, the smallest residual variance was observed in the height growth.
The results of Duncans multiple-range tests for height, diameter and volume growth across 4 complete provenance plots are presented in Tables 6, 7 and 8. Information about the mean height of provenances on each of the plots where the height of provenances is represented by the percentage of its grand mean on the respective plot is provided in Fig. 1 .
In the height growth, the provenances Stará Voda 700 m, Predajná 900 m, Beòu 925 m and Novo 870 m from Slovakia were found superior. They are followed by Wisla 710 m and Rycerka 620 m from the Polish Western Beskydy. The cluster of inferior provenances includes Rycerka 900 m, allochthonous Nowe Ramuki from northern Poland and high-altitude provenance Wytow 1,420 m from the Western Tatras. As shown in Fig. 1 , the growth of provenances varies apparently between the plots situated at different altitudes.
Compared to the height growth, the ranking of provenances according to diameter and volume production is somewhat different. But changes in the classes of superior, average and inferior provenances are rather exceptional. Due to the good diameter growth, Rycerka 620 m, Istebna-Zapowied¿ and Istebna-Buk were classified into the category of superior provenances while Orawa, 1,000 m and Rycerka 900 m belonged to the average ones. Relatively low heights of the latter two provenances compared to their diameter seem to be fixed genetically as a result of adaptation to high altitudes with more wind, snow and rime. On the contrary, poorer diameter growth ranked the lowland provenances Zwierzyniec and Miedzygorze 580 m from the Polish Sudetes into the category of inferior provenances.
INTERACTION PROVENANCE × ENVIRONMENT
The interactions analysed by the regression analysis based on mean heights are summarised in Table 4 . These interactions were significant in the majority of provenances. All three expected situations were present: 1. A negative correlation between the mean height of provenance and height bonities at individual plots, indicating that the provenance in question grows better on less favorable sites, was detected in the provenances from higher altitudes: Èervená Skala 1,100 m, Rycerka 950 m, Michalová 930 m, Stronie Slaskie 820 m, and also Stará Voda 700 m from northern slopes of the Slovak Ore Mountains. Several lowland provenances from Eastern and Northern Poland belong to this group as well. sites, ranks them to most valuable provenances of the whole experiment.
SURVIVAL AND DAMAGE
No thinning until the age of 26 years allowed to compare the survival rate of provenances. It ranged between 51 and 88% (Table 6 ). Statistically significant differences were observed between plots and provenances. The survival did not show any trend with regard to the geographic origin of provenances. High survival was typical, however, of many lowland provenances from northern Poland while the lowest one was observed in the timberline provenance Wytow. No correlation was found between the survival rate and mean height of provenances. The highest correlation coefficient (0.31) was calculated for the plot Krá¾ova ho¾a with the highest volume production.
Visual damage was divided into 2 categories: 1. percentage of trees damaged by deer barking and 2. percentage of trees damaged by wind, rime and heavy snow. The proportion of damaged individuals across all plots was 37%, ranging from 4% in Strá at the altitude of 330 m to 54% in Biely Váh at the highest altitude of 950 m (Table 8) . Deer barking, the dominant damage, is positively correlated with the height growth (R 2 = 0.81) and volume production. Such correlation can be explained by its absence in poorly growing provenances with dense branching and slow stem clearing. The damage caused by abiotic factors including snow, wind and rime is positively correlated with the plot altitude.
DISCUSSION AND CONCLUSIONS
The Slovak provenance plots belonging to the IUFRO experiment 1972 cover a broad scope of forest sites where Norway spruce is grown as a commercial species. Although the provenances included in the experiment do not represent all parts of the natural range of Norway spruce in Slovakia and Poland, each major provenance region is represented by several provenances.
Significant effects of the site, differentiation of provenances, and interactions between provenances and site quality, were proved by the variance analysis. All plots also showed a heterogeneity among blocks. The residual error, the highest from among the variance components, originates especially from the individual variance within provenances.
From the methodological point of view, mean heights were considered as the primary parameter of provenances with regard to the relatively low age of experimental plantations. Mean height depends only little on tree densities and shows smaller variation than diameter growth. These properties make it suitable also for routine assessments of yield quality of forest stands.
In the summary evaluation of the IUFRO 1972 experiment, MATRAS (1993) concluded about a superior growth especially of the provenance Zwierzyniec Lubelski, growing well on most European plots. It was surpassed only by the lowland provenance Borki in Finland and Canada. The provenances Wytow 1,450 m, Rycerka 950 m, Orawa 1,000 m and Stronie Slaskie 820 m lag behind the average, on the other hand. The lowland provenances from northern Poland performed better in Finland and Germany, while those from southern Poland in France and Belgium.
Only a small change over the groups of superior and inferior provenances was encountered on the Slovak provenance plots at the age of 5, 7, 10, 15 and 26 years. After the first measurement, the provenances Wigry, Istebna-Zapo- wiedz and Zwierzyniec Lubelski were reported as excellent, while Wytow 1,420 m and Nowe Ramuki 160 m were inferior (HOLUBÈÍK 1979 (HOLUBÈÍK , 1980a . At the age of 10 years, the group of well performing provenances was enlarged by Zwierzyniec 160 m and 180 m, Rycerka 620 m and Rycerka 700 m (IMIAK, LAFFERS 1988) . At the age of 15 years, the best Polish provenances included Zwierzyniec 160 m and 180 m, Rycerka 620 m, Rycerka 700 m and Istebna-Bukowiec. The majority of Slovak provenances improved their growth at the age of 26 years. Many of them are fully comparable with the best provenances from Poland. In the plots situated in higher altitudes, the best ones are especially those from the Low Tatras and the Slovak part of Western Beskydy. In lower altitudes, they are replaced by provenances from the Low Tatras and Slovak Ore Mts. Provenance Predajná from Low Tatras, Novo from Western Beskydy, Beòu and Stará Voda from Slovak Ore Mts., grow very well at each of the plots. Predajná and Novo revealed, in addition, only insignificant site × environment interaction. These findings correspond well with conclusions of GIERTYCH (1978) about a very good growth of the Western Carpathian provenances in the IUFRO experiment 196465. From among 70 Polish provenances which relative height exceeded the mean value of all 14 provenance plots by more than 25% at the age of 911 years, more than 20 provenances were from the Western Carpathians. At the age of 1525 years, the Western Carpathian provenances belonged to the best ones, e.g., in the Swedish (PERSSON, PERSSON 1992) , Norwegian (FOT-TLAND, SKRØPPA 1989) and Irish (NIEUWENHUIS, ROSTA-MI 1993) plots of the IUFRO experiment 196465.
The provenance experiments and marker-aided studies do not prove geographic trends but suggest ecotypic variation among the Carpathian and Eastern-Hercynic populations of Norway spruce. It may be contributed by the phylogeny more than assumed by SCHMIDT-VOGT (1977) . Contrary to his conclusion about a single South-Carpathian glacial refuge, many studies from the Carpathian region prove refugial populations of Norway spruce also at the foothills of the Eastern Carpathians (POP 1929 ), Northern Hungary (ZÓLYOMI 1953 , Southern Moravia and Slovakia (OPRAVIL 1978; KRIPPEL 1986) .
With regard to the growth, survival and provenance × environment interactions, the provenances on the Slovak plots of the IUFRO 1972 experiment can be divided into 3 groups:
Provenances from higher altitudes of the Western Carpathians and several provenances from Northern and Eastern Poland, which appear to be better adapted to colder and humid sites inside the natural range of Norway spruce. Many autochthonous provenances from the lower natural altitudinal limit of Norway spruce in the Slovak Ore Mts. and Western Beskydy Mts. adapt more successfully to warmer sites in lower altitudes with richer soils, on longer vegetation but also seasonal soil desiccation. The provenances Novo 870 m, Predajná 900 m and Stará Voda 700 m, adapt well to a broad scope of sites. Especially the provenance Novo 870 m proves a high quality of Norway spruce from North-western Slovakia, which is fully comparable with far better recognised provenances from the Polish part of the Western Beskydy Mts.
